Abstract. The photochemistry of supramolecular species is an emerging and rapidly growing research field. A review is presented of recent results concerning the photochemical behavior and/or the luminescence of (i) second-sphere coordination compounds of Co(CN)i-and Pt (bpy) ( NH3) g' , ( ii) cage-type complexes of Co3', Eu3', and Ru2', and (iii) polynuclear Ru2' complexes of polypyridine bridging ligands.
INTRODUCTION
In the field of photochemistry, which is at the crossroads of chemistry, physics and biology and at the interface between matter and light, the quantitative growth of the last 20 years has been accompanied by profound qualitative changes. The interest of the research workers has progressively moved from photoreactions taking place inside molecules (mamolecular photochemistry) to processes taking place between longlived excited states and suitable reaction partners (intermolecular electron and energy transfer processes). In the last few years a trend to study artificial assemblies of two o r more molecular components (-molecular photochemistry) has also emerged with the dual aim of making progress toward the understanding o f photobiological processes and the design of artificial systems capable of performing useful functions (ref. 1). In the area of coordination chemistry, one can distinguish three types of supramolecular systems: (i) second-sphere coordination compounds, i.e. complexes associated to other species by electrostatic interactions, hydrogen bonds, o r other intramolecular forces; (ii) cage-type coordination compounds, i.e. complexes in which a metal ion is encapsulated in a single, polydentate ligand; (iii) molecular building blocks linked via bridging units by means of covalent o r coordinated bonds. In this paper, we will illustrate and discuss the photochemical and photophysical behavior of selected examples of these three types of supramolecular systems. ane-N1~o' are in agreement with the formation of the two types of structures described above, depending in a critical way on the size of the macrocyclic ring.
SECOND-SPHERE COORDINATION COMPOUNDS

2,2-bipyridine-diamineplatinum(ll) with dibenzocrownethers
Pt(bpy) (NH3)i'
gives rise to host-guest adducts with aromatic crown ethers like dibenzo-30-crown-10, DB30C10. We have recently investigated (ref. 4 ) the photochemical and photophysical behaviour of the DB30C10 host, the Pt(bpy) (NH ) 2 ' guest, and the [Pt(bpy)(NH3)2-DB30C10]2t adduct (3) in CH2C12. The results obtained can be summarized as follows: (i) in the adduct, the absorption band of the aromatic crown ether and the ligand (bpy) centered band of Pt(bpy)(NH3)gt decrease in intensity, while a new broad band appears at lower energies; (ii) the fluorescence emission of the aromatic crown ether and the phosphorescence (ligand centered) emission of Pt(bpy)(NH3);' disappear on adduct formation, while a new, broad, shortlived emission appears at lower energies; (iii) the photoreactivity of the metal complex is prevented in the adduct. Extension of these studies to a family of aromatic crown ether hosts (ref. 5 ) has shown that the electronic interaction between the bpy ligand of the metal complex and the aromatic rings of the crown ether depends on the size of the crown rings and the nature of the aromatic rings.
2
CAGE-TYPE COMPLEXES
Cage-type cobalt(ll1) complexes Simple host-guest systems are coordination compounds in which a metal ion is encapsulated in a cage-type ligand. One of the first prepared cage-type coordination compounds is the Co(II1) sepulchrate ion Co(~ep)~' ( 4 ) (ref. 6), which may be considered as the caged version of Co(NH3,f. The spectroscopic properties of the two complexes are quite similar because the composition and symmetry of the first coordination sphere are the same. The photochemical and redox properties, however, are completely different. Upon one-electron reduction o r photoexcitation in the ligand-to-metal charge-transfer bands the hexamine complex undergoes fast release of the amine ligands, as expected because of the d7 electronic configuration of the reduced or excited complex, leading to complete decomposition of the molecular structure. By contrast, reduction o r photoexcitation of Co(sep)3t does not cause any disruption of the structure of the complex because no simple ligand can be ejected and the metal cannot escape from the cage (refs. 7,8) . Because of its stability towards redox decomposition, C~(sep)~' can be used as an electron relay and photosensitizer (in ion-pair systems), while Co(NH3)i' is useless in this regard. bpy.bpy.bpy cryptand ( 6 ) which absorption bands ('&25000 M-lcm-') in the near U.V. Excitation in these spin-allowed ligand centered bands is followed by energy transfer to the 5D0 level of Eu3' with a reasonably high efficiency (lo%), with the result that such a complex is an efficient molecular device for the conversion of U.V. light absorbed by the ligands into visible luminescence emitted by the metal ion (antenna effect). [Tbc bpy.bpy.bpy13' (ref. 11) and other Eu3+ and Tb3' cryptates of the same family have also been investigated in our laboratories.
Cage-type ruthenium(l1) polypyridine complexes
In the last ten years Ru(I1)-polypyridine complexes have attracted the attention of several research groups because of a unique combination of ground and excited states properties (ref. 13 ). The prototype of these complexes is the famous Ru(bpy)$' that is extensively used as photoluminescent compound and sensitizer in the interconversion of light and chemical energy. Comparison between the properties of this complex and the requirements needed for luminophores and sensitizers shows that the main drawbacks of Ru(bpy)$+ are (i) the relatively fast radiationless decay of the 3CT excited state to the ground state (with, as a consequence, a relatively short excited state lifetime and a small luminescence efficiency) and (ii) the occurrence of a ligand photosubstitution reaction. If the bpy ligands are linked together to make a cage around the ruthenium ion, ligand photodissociation can be prevented. A suitable cage ligand can also confer more rigidity to the molecule, slowing down radiationless decay processes and thereby making stronger the luminescence emission and longer the excited state lifetime. It may also happen, however, that the cage ligand does not allow the metal to attain an appropriate octahedral coordination geometry and/or suitable Ru-N bond distances. Molecular models show that the cryptand of 6 is suitable for the larger, not symmetry-demanding Eu3' ion, but it is clearly unsuitable to create the octahedral coordination required by Ru2'.
The cage-type ligand of 7 is much more suitable in this regard because its larger spacers allow the bpy ligands to bend, making an almost ideal octahedral coordination environment. In practice, the best way to obtain the Ru2' complex 7 resulted to be a template reaction starting from a derivative of Ru(bpy)!' (ref. 14).
Recent studies (ref. 15 ) have shown that this caged Ru(I1) complex exhibits absorption and emission spectra very similar to those of the parent Ru(bpy);', a longer excited state lifetime and, as expected, an extremely greater (about lo4 times) stability towards ligand photosubstitution. The last property should assure a quite high turnover number when this complex is used as a sensitizer.
I BUILDING BLOCKS LINKED BY BRIDGING LIGANDS
Mononuclear complexes may be highly luminescent species and powerful redox reactants for light-induced and light-generating electron transfer processes (ref. 13) . For a variety of practical applications, however, multicenter luminescent and redox systems are expected to be more useful. The synthesis and characterization of polynuclear coordination compounds having the desired photophysicsl and photochemical properties is currently an important research field and dozens of papers have recently appeared on this subject. We only mention here some of the studies carried out recently in our laboratories.
Dinuclear rutheniurn(l1) complexes
The dimclear complexes temperature. The properties related to the aromatic bridging ligands (e.g. the reduction potentials) are affected by coordination to the metal centers, but the two Ru(C0)2C1Z moieties practically do not communicate in the bimetallic complexes because of the strong withdrawing effect of the CO ligands.
Homo-and hetero-tetrametallic complexes
The tetrametallic complexes M[( /U.-2,3-dpp)Ru(bpy)2]it (M = Ru or 0 s ) have been prepared and their electrochemical and luminescent properties have been studied (ref.
17; for M = Ru, see also ref. 18 ). For both complexes, reduction first takes place on the dpp ligands, while oxidation first occurs in the central metal for M = 0s and in the peripherical metals for M = Ru. Both complexes feature the so-called "antenna effect" (ref. 1 9 ) , but in opposite directions: for M 0s luminescence takes place from the central chromophore, which receives the energy collected by the peripherical chromophores (concentration effect), whereas the reverse occurs for M = Ru (diffusion effect).
